Subluxation of the proximal interphalangeal joint is a rare and little studied condition in horses. We describe the case of a 12-year-old mare with bilateral dorsal subluxation of the proximal interphalangeal joint of the hind feet. Tenectomy of the medial digital flexor was performed in both limbs, and the patient showed signs of recovery within 14 days. Goniometry of the proximal interphalangeal joints 10 months after surgery showed diminution of 5 for the proximal interphalangeal axis of the left hind limb. However, no change was found for the joint angle of the right limb. Even so, the patient's gait and radiographic results were normal, and clinical abnormalities such as joint clicking and swelling were no longer observed.
Introduction
Subluxation of the proximal interphalangeal joint (PIJ) is defined as the palmar/plantar or dorsal displacement of the distal end of the proximal phalanx affecting either forelimb or hind limb [1] [2] [3] [4] [5] . This uncommon condition occurs mainly in young horses secondary to injuries of the proximal interphalangeal collateral ligaments or the suspensory ligament and its extensor branches or flexor deformities caused by contracture of the distal sesamoid ligament and deep digital flexor tendon (DDFT) [4, [6] [7] [8] [9] .
In cases of dorsal subluxation of the PIJ (DS-PIJ), clinical signs include swelling of the dorsal surface of the PIJ, audible articular clicking, and elevation of the dorsal angle of the PIJ [2, 4, 9] . The diagnosis of DS-PIJ is based on physical examination and goniometric measurement of the distal limb [2, 4, 5, [9] [10] [11] [12] .
Anti-inflammatory drugs associated with physiotherapy or external cast coaptation have been described as safety clinical options for therapy [2, 4, 9] . However, long-term convalescence (up to 6 months) and excessive care are necessary in order to avoid instability of the PIJ in these cases [3] . Direct surgical techniques, such as arthrodesis [6, [12] [13] [14] , screw fixation, and dynamic compression plates associated with chemical or physical ankylosis also have been successfully used to correct the PIJ angle of the hind limb in cases of subluxation [2, 12, [14] [15] [16] [17] .
On the other hand, tenectomy of the medial digital flexor muscle (m. flexor digitorum medialis) (Fig. 1) is an indirect surgical technique that allows elongation of the DDFT leading to correction of the DS-PIJ [2, 11, 18] . This procedure was first reported with success by Shiroma et al. [11] in three cases of bilateral DS-PIJ. Satisfactory results were also obtained by Nicoletti et al. [18] . This report describes the positive results of using tenectomy of the medial digital flexor for the treatment of bilateral DS-PIJ of the hind limb in an adult mare.
Case
We assessed a 12-year-old mare with bilateral swelling at the pastern and an audible joint "popping" sound at gait. Clinical examination showed bilateral swelling at the PIJ along with a noisy clicking of the left hind limb (LHL) at landing. The patient did not present lameness at walk and trot. However, mild lameness of the LHL was observed after flexion test of the proximal and distal interphalangeal joints. Neither distress nor discomfort was present at manipulation of the joints. Nevertheless, pain was evident on pastern palpation, particularly after pressure on the proximal interphalangeal joint of both hind limbs.
Lateromedial radiographs from the distal diaphysis of the metatarsus to the distal end of the third phalanx were performed in quadrupedal position with the patient mounted on a wood platform 8 cm high. Radiographs of the limbs were obtained with a portable conventional radiographic device (FNX-90 Jockey-Electra, São Paulo, Brazil) set at 65 peak kilovolts (kVp), 5 milliampere seconds (mAs), a film-focus distance of 70 cm, on 30 Â 40 film (KodakMedical X-ray Film General Purpose Green-MXG, São Paulo, Brazil) that was processed in an automatic x-ray film processor. Radiographs showed no signs of degenerative joint disease or fracture; however, joint misalignment of the PIJ of both hind limbs was confirmed on lateral images. Thus, lateral radiographs were properly mounted on a lightbox and digitized with a digital photographic camera for goniometry, which was performed using an angular dimension tool software (Corel Draw 12, Corel Corporation, Ottawa, Canada). The dorsal angle of the PIJ was calculated by, first, establishing the diaphyseal axes of the proximal and middle phalanxes, drawing straight lines through the centers of rotation associated with the fetlock and pastern joints and with the pastern and coffin joints, respectively, as described by Craig et al. [19] . Then, we set a start point for the angular dimension tool at the intersection of these two lines, measuring the dorsal angle formed between them. Goniometric assessment disclosed dorsal left and right proximal interphalangeal angles of 196 and 190 , respectively ( Fig. 2A-D) .
Based on clinical and radiographic findings, the patient's condition was diagnosed as bilateral subluxation of the proximal interphalangeal joint, and tenectomy of the medial digital flexor was decided upon. Prior to surgery, the patient was held off food and water for 24 and 12 hours, respectively. Then, xylazine (1 mg/kg, intravenous [IV]; Sedazine 10%; Fort Dodge Animal Health Ltd, Campinas, São Paulo, Brazil) was used as a premedication, followed by an association of diazepam (0.05 mg/kg) and ketamine (2 mg/kg; Ketaset; Fort Dodge Animal Health, Fort Dodge, IA) in guaifenesin (10% solution) (100 mg/kg, IV; Guaifenject; Butler, Dublin, OH) for anesthetic induction. The animal was restrained in dorsal recumbency for tracheal intubation and anesthetized with isoflurane and oxygen. An incision was made proximodistally along the medial surface of the proximal end of the third metatarsal bone, between the DDFT and the suspensory ligament, as described by Nicoletti et al. [18] . Then, 3 cm of the medial digital flexor tendon were removed. The fascia was closed with a running suture using 2-0 polyglactin 910 suture (Vycril; Ethicon, Somerville, NJ), and the skin was closed with an interrupted pattern of 4-0 nylon. Postsurgical medication included three prophylactic doses of a mixture of benzathine penicillin (20,000 IU/kg), procaine penicillin (10,000 IU/kg), potassium penicillin G (10,000 IU/kg), and streptomycin/dihydrostreptomycin (16 mg/kg, intramuscular [IM] , once every 72 hours) (Pentabiótico Reforçado; Fort Dodge, Campinas, Brazil), and five doses of phenylbutazone (4 mg/kg, IV, once a day; Fenilbutazona; VetNil, Campinas, Brazil). Daily wound care with chlorhexidine solution and dressing change was also performed.
Outcome
Joint clicking ceased immediately after surgery. On visual inspection, swelling at the dorsal aspect of the PIJ became imperceptible after 4 days in both hind limbs, and angular deviation of the affected joints was not longer observed. The patient was kept 14 days in a pen until skin sutures were removed and was then discharged. Goniometric reassessment 10 months later revealed an apparent reduction of 5 of the PIJ angle of the left hind limb (i.e., from 196 to 191 ). However, the angle of the right PIJ remained the same as that at the first evaluation (i.e., 190 ) (Figs. 3A and B) . Neither swelling nor clicking of the proximal interphalangeal joint was observed in any of the limbs. 
Discussion and Conclusions
Findings in this case were similar to those of previous studies [1, 2, 9, 11, 18] , including swelling at the dorsal surface of the pastern, audible joint clicking caused by the dorsal displacement of the PIJ during walking, and absence of lameness suggesting an intermittent subluxation.
Our patient presented neither clinical signs nor lameness from the fourth day after surgery until discharge. Remission of clinical signs after tenectomy of the medial digital flexor was previously described in the short-term follow-up after 30 days [11, 18] . Similar results were observed in one animal up to 10 months after surgery [2] .
The use of anti-inflammatory drugs, physiotherapy  [1,2,15] , or cast coaptation [3] has been mentioned in cases of unilateral subluxation of the PIJ. When using cast immobilization, it is thought the weight is supported by the contralateral (healthy) limb, allowing stability with minimal load on the affected digit. However, the goal of surgery in our case (i.e., bilateral subluxation) was to achieve a more equal load distribution among hind limbs and to institute early normal motion. Other reliable techniques for the treatment of DS-PIJ include arthrodesis [5, 6, 13, 14] , screw fixation, and dynamic compression plates associated with ankylosis of the PIJ [1, 12, 16, 17] . However, surgical procedures should be chosen by the practitioner on a caseby-case basis. For instance, arthrodesis and ankylosis have been used when other pathological conditions coexist with the subluxation (e.g., joint infection, intra-articular epiphyseal fracture, or fractures affecting the axis of the phalanxes and so of the PIJ) [6, 13, 14, 17] . In our experience treating joint infection or intra-articular fractures alone (i.e., without subluxation), arthrodesis, screw fixation, dynamic plates, and ankylosis are indicated, provided that all other less aggressive treatments have failed, as these techniques cause permanent loss of joint function.
In order to evaluate the long-term effects of surgery clinical, radiographic, and goniometric reassessments were performed 10 months after surgery. We consider the absence of radiographic findings of degenerative joint disease, lameness, clicking, and swelling as a favorable outcome. Goniometry revealed a slight reduction of 5 (to 191 ) of the PIJ of the left hind limb. However, no change of angle of the PIJ of the right hind limb was found (190 ) . Apparent goniometric improvement in the PIJ was observed in only one of the hind limbs. We infer that despite performing surgery to better distribute the load between the hind feet, there is a tendency for the patient to defend the most affected limb (left, in our case) and so to overload the less affected one (right).
Reliability of the visual goniometric technique for the equine distal joints (i.e., coffin, pastern, and fetlock) was previously established by Bushe et al. [20] and confirmed by other authors [21] [22] [23] . We used the technique by Craig et al. [19] partially in order to determine the diaphyseal axes of the proximal and middle phalanxes, assuming so that the angle formed by the intersection of these two straight lines shares the same confidence interval and likewise the same deviation (i.e., 95% confidence interval of 0.68 for the pastern [difference of AE2 ]). However, once the axes of the phalanxes were established, we used the visual technique described by Bushe et al. [24] to graphically relate the measured angle with the joint evaluated (i.e., proximal interphalangeal joint). We set a start point for the angular dimension tool of Corel Draw at the proximal interphalangeal space by drawing a line parallel (dorsally) to the previously established axis of the middle phalanx. Thus, the angle formed by the intersection of this parallel line and the axis of the proximal phalanx is the same as that formed by the intersection of the diaphyseal axes of the proximal and middle phalanxes. Finally, although these techniques can be easily performed using triangles, compass, and a protractor or a standard goniometer, the use of software makes the procedure much easier and more practical.
Reference values for the proximal interphalangeal angle of the forelimb (166 -173.5 ) were previously obtained using similar goniometric techniques [18, 20, 21, 25] . However, to our knowledge, no specific data regarding metatarsophalangeal, proximal interphalangeal, and distal interphalangeal joint angles of the hind limb have been published to date. Data available for the angle of the hind limb digit make reference only to the coffin and pastern [26] . Thus, studies of the normal angle of the joints of the hind limb digit should be further addressed. Above all, correction of lameness and other clinical signs while maintaining the function of the PIJ justifies the use of this technique.
